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(54) GRAPHENE-COATED STEEL SHEET AND METHOD FOR PRODUCING SAME

(67)  The present invention pertains to a method for
producing a graphene-coated steel sheet, the method
comprising the steps of: modifying the surface of the steel
sheet so that the surface is negatively charged; forming
a positively-charged first graphene oxide layer on the sur-
face-modified steel sheet; forming a negatively-charged
second graphene oxide layer on the first graphene oxide
layer; and heat-treating the steel sheet on which the first
and second graphene oxide layers are formed. The
present invention provides a graphene coating method

which can be easily applied to large-area coating through

a simple process without a special dispersant or binder,
and has the effect of allowing the excellent physical prop-
erties of graphene to be more efficiently exhibited.
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Description
Technical Field

[0001] The present disclosure relates to a graphene-
coated steel sheet and a method for manufacturing the
same, more particularly, a method for manufacturing a
graphene-coated steel sheet applicable to large-area
coating and having improved orientation.

Background Art

[0002] Graphene is a two-dimensional carbon monol-
ayer in which carbon atoms are arranged in a hexagonal
lattice, and has emerged as a promising novel nanoma-
terial having remarkable electrical, chemical and me-
chanical properties. Graphene may influence the devel-
opment of quantum devices, nanocomposites and next-
generation ultrathin films. Specifically, graphene may
have a two-dimensional carbon atomic plane structure
in which the carbon atomic layer is presentin a hexagonal
lattice point plane, and graphene has a tensile strength
about 311 times stronger than that of steel, may have
electron mobility 1,000 faster than that of silicon, may
have thermal conductivity 10 times greater than that of
copper, may be transparent enough such that 98% of
light may pass therethrough, and may retain properties
thereof even when being bent or stretched. Due to these
properties, graphene may be widely used in nanomate-
rials, inks, barrier materials, heat dissipation materials,
ultralight materials, energy electrode materials, next-
generation semiconductors, transparent electrodes, and
the like. It may be expected that, when graphene having
such properties is coated on a steel sheet, corrosion re-
sistance, heat dissipation, conductivity, adhesion
strength, strength and workability may be secured for a
surface of a steel sheet such that the steel sheet may be
utilized in various fields.

[0003] As a method for coating graphene on a sub-
strate, a process using a graphene solution has been
widely used, and in the case of a process using a graph-
ene solution as described above, a binder may be es-
sential to secure adhesion strength force with the sub-
strate, and generally, a mixture of graphene, a binder,
and a dispersant may be used. However, in this case, a
problem may occur in dispersion stability of graphene in
the solution, and the selection of a dispersant not ad-
versely affecting physical properties of the coating com-
position may be necessary.

[0004] Also, when graphene and binder are mixed, the
binder and graphene are disposed without a specific di-
rectivity, such that, even after coating on the surface of
the steel sheet, the binder layer may be disposed in an
outerregion thanthe graphene layer, properties of graph-
ene may not be sufficiently exhibited on the surface,
which may be problematic.

[0005] To allow graphene to be well dispersed in the
binder, graphene oxide may be prepared by attaching a
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functional group to graphene, but the method may have
a disadvantage in that a dispersion solution may need to
be prepared, coating may be performed using the solu-
tion, and a reduction process at high temperature may
need to be performed again.

Summary of Invention
Technical Problem

[0006] An aspectofthe presentdisclosureisto provide
amethod for manufacturing graphene-coated steel sheet
which may maximize unique properties of graphene with-
out additional additives such as a binder and a disper-
sant, and a graphene-coated steel sheet manufactured
u the method.

Solution to Problem

[0007] According to an embodiment of the present dis-
closure, a method for manufacturing a graphene-coated
steel sheet is provided, the method including surface-
modifying a steel sheet to have a negative charge; form-
ing a first graphene oxide layer having a positive charge
on the surface-modified steel sheet; forming a second
graphene oxide layer having a negative charge on the
first graphene oxide layer; and heat-treating the steel
sheet on which the first and second graphene oxide lay-
ers are formed.

[0008] The surface-modifying may be performed by at
least one method selected from ultraviolet-ozone (UV-
Ozone) irradiation, electron beam (EB) irradiation, infra-
red (IR) irradiation, and near-infrared (NIR) irradiation.
[0009] The forming the first graphene oxide layer may
be performed using a graphene oxide dispersion solution
modified with an amine group.

[0010] The graphene oxide dispersion solution modi-
fied with an amine group may be prepared by reacting
graphene oxide, N-ethyl-N’-(3-dimethylaminopropyl)car-
bodiimideethiodide (EDC) and C, to Cg alkylenediamine
in water.

[0011] The graphene oxide dispersion solution modi-
fied with an amine group may not include a binder and a
dispersant.

[0012] The forming the second graphene oxide layer
may be performed using a graphene oxide dispersion
solution treated by at least one method selected from
ultraviolet-ozone irradiation, electron beam (EB) irradia-
tion, infrared (IR) irradiation, and near-infrared (NIR) ir-
radiation.

[0013] The graphene oxide dispersion solution may
not include a binder and a dispersant.

[0014] Thefirstand second graphene oxide layers may
be laminated through electrostatic interaction.

[0015] Thefirstand second graphene oxide layers may
have an amide bond.

[0016] The forming the first graphene oxide layer and
the forming the second graphene oxide layer may be
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performed two or more times repeatedly.

[0017] The heattreatment may be performed in a tem-
perature range of 100 to 400°C.

[0018] The method may further include washing using
an aqueous solution of pH 1 to 6 after the forming the
first graphene oxide layer.

[0019] The method may further include washing using
an aqueous solution of pH 8 to 14 after the forming the
second graphene oxide layer.

[0020] Accordingto an embodiment of the present dis-
closure, a graphene-coated steel sheet manufactured by
the above method may be provided.

[0021] Athickness of the graphene layer coated on the
steel sheet may be 0.1 pm to 5.0 um.

Advantageous Effects of Invention

[0022] According to the present disclosure, a method
for coating graphene which may be easily applied to
large-area coating through a simplified process without
a special dispersant or binder may be provided, and the
effect of more efficiently exhibiting excellent physical
properties of grapheme may be obtained.

Brief Description of Drawings
[0023]

FIG. 1 is a diagram illustrating a method for manu-
facturing a graphene-coated steel sheet according
to an embodiment of the present disclosure;

FIG. 2Ais aresult of XPS measurement of graphene
oxide according to an embodiment of the present
disclosure, and FIG. 2B is a result of XPS measure-
ment of graphene oxide modified with an amine
group.

FIG. 3Ais aresult of measurement of a contact angle
of a coating layer formed according to an embodi-
ment of the present disclosure, FIG. 3B is a result of
measurement of changes in a thickness of a coating
layer depending on a coating layer formation cycle.
FIG. 4Ais a result of XPS measurement before heat
treatment of a steel sheet on which a graphene coat-
ing layer is formed, and FIG. 4B is a result of XPS
measurement after the heat treatment.

FIG. 5is a result of infrared absorption spectroscopy
after heat treatment of the graphene-coated steel
sheet.

FIG. 6A is an SEM image of a cross-section of a
graphene-coated steel sheet before heat treatment,
and FIG. 6B is an SEM image of a cross-section of
a graphene-coated steel sheet after heat treatment.

Best Mode for Invention
[0024] Hereinafter, an embodiment of steel material of

the present disclosure will be described. Embodiments
ofthe presentdisclosure may be modified in various other
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forms, and the scope of the present disclosure is not lim-
ited to the embodiments described below.

[0025] The present disclosure relates to a graphene-
coated steel sheet and a method for manufacturing the
same.

[0026] Since graphene has a planar structure, graph-
ene may have anisotropy in which properties in the hor-
izontal direction may be excellent, while properties in the
vertical direction may be inferior as compared to the prop-
erties the horizontal direction. Particularly, to use graph-
ene as an effective anti-gas film and anti-oxidation film,
it may be important to arrange graphenes in a horizontal
direction to a material to block gas such that graphenes
may be tightly attached to the material.

[0027] To apply a graphene oxide in solution to a gas
barrier film and an anti-oxidation film, the size of a piece
(hundreds of nanometers to several um) of one sheet of
graphene oxide may be too small. Therefore, to apply
the graphene, a multilayer graphene film in which pieces
of graphene oxide are assembled may be formed and
applied to a gas barrier film.

[0028] However, the degree of assembling graphene
oxide may be different depending on a method or condi-
tions for coating graphene oxide, and when a graphene
film is not densely formed because the assembling of
graphene oxide is not good, gas may penetrate through
the graphene oxide and may not exhibit gas barrier prop-
erties. Therefore, when graphene oxide is arranged to
have orientation and high barrier properties is obtained
by reducing the distance between graphenes is reduced,
corrosion resistance and also excellent properties such
as intrinsic electrical conductivity and heat dissipation
properties of graphene may be increased.

[0029] To manufacture a coated steel sheet having ef-
fective barrier properties, electrical conductivity and heat
dissipation properties using graphene oxide, the dis-
persed graphene fragments may need to be arranged to
have orientation and the distance between the
graphenes may need to be effectively reduced. Methods
of forming a graphene coating layer having such a mul-
tilayer structure include dip coating, bar coating, roll coat-
ing, and layer-by-layer assembly (LBL assembly).
[0030] First, the dip coating method may be a method
of coating by immersing a material in a solution in which
a material to be applied to a substrate is dissolved such
thatthe material may be adsorbed to the substrate. When
the dip coating method is applied to graphene, graphene
may be coated easily, but the force of adsorption of
graphene to the substrate may be limited, such that it
may be difficult to manufacture a multilayer graphene-
laminated film, and since a great amount of solution is
used, it may be difficult to coat large-area graphene.
[0031] Thereafter, the bar coating method may be a
method of applying a small amount of a solution to be
applied to a portion of the substrate and applying the
solution throughout the entire area using a bar. When
the bar coating is applied to graphene, a large-area film
may be formed using a small amount of solution, and
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since coating is applied by applying a shear force, a film
in which graphenes are well oriented may be manufac-
tured, which may be an advantage. However, due to low
viscosity, aggregation between graphene and graphene
may be observed while a solvent is evaporated, and ac-
cordingly, a binder may need to be added.

[0032] TheLBL assembly may be a type of dip coating,
and may be a method of manufacturing a multilayer film
through electrostatic force by dip-coating materials hav-
ing opposite charges to each other in order. The present
inventors found that, since graphene oxide includes a
large number of carboxyl groups on the edge of a sheet,
graphene oxide may have a negative charge in an aque-
ous solution, and that, when graphene oxide is modified,
graphene oxide may be allow to have a positive charge
such thatthe graphene coating layer may be be prepared
by the LBL assembly method through electrostatic at-
traction, and thus found that, when the graphene coating
layeris formed through strong electrostatic attraction, ori-
entation may improve without a binder, and the present
disclosure was devised.

[0033] Accordingly, according to an aspect of the
present disclosure, a method for manufacturing a graph-
ene-coated steel sheet including surface-modifying a
steel sheet to have a negative charge; forming a first
graphene oxide layer having a positive charge on the
surface-modified steel sheet; forming a second graphene
oxide layer having a negative charge on the first graph-
ene oxide layer; and heat-treating the steel sheet on
which the first and second graphene oxide layers are
formed may be provided.

[0034] To manufacture a graphene-coated steel sheet
by the LBL assembly method, first, the surface-modifying
the surface of the steel sheet to have a negative charge
may be performed. The surface-modifying method is not
limited to any particular example, and for example, one
or more methods selected from ultraviolet-ozone (UV-
Ozone) irradiation, electron beam (EB) irradiation, infra-
red (IR) irradiation, and near-infrared (NIR) irradiation on
the surface of the steel sheet may be performed.
[0035] Thereafter, the forming a first graphene oxide
layer having a positive charge on the surface-modified
steel sheet having a negative charge may be performed.
In this case, the forming the first graphene oxide layer
may be performed using a dispersion solution of graph-
ene oxide modified with an amine group, and more spe-
cifically, the graphene oxide dispersion solution modified
with an amine group may be prepared by reacting graph-
ene oxide, N-ethyl-N'-(3-dimethylaminopropyl)carbodi-
imideethiodide (EDC) and C, to Cg alkylenediamine in
water. The C, to Cg alkylenediamine may be, for exam-
ple, ethylenediamine.

[0036] According to the present disclosure, the graph-
ene oxide dispersion solution modified with an amine
group, which may be used for forming the first graphene
oxide layer having a positive charge may not include ad-
ditional additives such as a binder and a dispersant.
When a binder is used to secure adhesion strength be-
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tween the steel sheet and graphene, the graphene may
need to be well dispersed in the binder to ensure disper-
sion stability so as to be used as a coating solution, and
thus, to obtain a sufficient dispersion effect, it may be
necessary to select an optimal dispersant not adversely
affecting physical properties of the coating composition.
Also, when graphene is dispersed in a binder, it may be
difficult for graphene to be exposed on the surface layer
of the steel sheet after coating on the steel sheet, and
also, when graphene and binder are simply mixed, the
binder and graphene may be arranged without any di-
rectivity, such that, even after being coated on the surface
of the steel sheet, the binder layer may be disposed in
an outer region than the graphene layer, such that prop-
erties of graphene may not be sufficiently exhibited on
the surface, which may be problematic. However, ac-
cording to the present disclosure, there may be an ad-
vantage in that additional additives such as a binder and
a dispersant may not be necessary.

[0037] Meanwhile, washing by immersing the steel
sheet on which the first graphene oxide layer is formed
in an aqueous solution of pH 1 to 6 may be further in-
cluded after the forming the first graphene oxide layer.
Through this process, it may be preferable to remove
excessively adsorbed graphene oxide. Since a method
for preparing an aqueous solution having a pH of 1 to 6
is not limited to any particular example, a detailed de-
scription thereof will not be provided in the present dis-
closure.

[0038] Thereafter, forming a second graphene oxide
layer having a negative charge on the first graphene ox-
ide layer may be performed. The forming the second
graphene oxide layer may be performed using a graph-
ene oxide dispersion solution having a negative charge.
The method for preparing the graphene oxide dispersion
solution having a negative charge is not limited to any
particular example, and for example, the graphene oxide
dispersion solution having a negative charge may be pre-
pared by treating by at least one method selected from
ultraviolet-ozone (UV-Ozone) irradiation, electron beam
(EB) irradiation, infrared (IR) irradiation, and near-infra-
red (NIR) irradiation.

[0039] As described above, the graphene oxide dis-
persion solution for forming the second graphene oxide
layer may not include a binder and a dispersant. Since
the solution including the binder may be merely a mixture
of the binder and graphene, there may be a problem in
dispersion stability of graphene. Accordingly, there may
be a problem in that, to well disperse grapheme, a binder
having sufficient bonding strength may need to be se-
lected, and also, there may be a problem that, to obtain
a sufficient dispersion effect, a dispersant not adversely
affecting physical properties of the coating composition
may need to be appropriately selected. According to the
presentdisclosure, it may be preferable that no additional
additives such as a binder and a dispersant are neces-
sary.

[0040] Also, after the forming the second graphene ox-
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ide layer, the method may further include washing by
immersing the steel sheet on which the second graphene
oxide layer is formed in an aqueous solution of pH 8 to
14. Through this process, it may be preferable to remove
excessively adsorbed graphene oxide. A method for pre-
paring an aqueous solution having a pH of 8 to 14 is not
limited to any particular example, and thus, a detailed
description thereof will not be provided in the present
disclosure.

[0041] As such, since the first and second graphene
oxide layers have different charges, the first and second
graphene oxide layers may be formed through self-as-
sembly through electrostatic interaction. In this case, the
forming the first graphene oxide layer and the forming
the second graphene oxide layer may be repeatedly per-
formed two or more times, and may be repeatedly per-
formed two to 50 times preferably. Accordingly, by ad-
justing the thickness of the graphene coating layer as
desired, physical properties of the coated steel sheet may
be differentiated, such that the method may be usefully
applied according to a desired purpose.

[0042] Thereafter, by heat-treating the steel sheet on
which the first and second graphene oxide layers are
formed, a graphene-coated steel sheet may be manu-
factured. The heat treatment may be performed at 100
to 400°C, more preferably at 200 to 300°C. By the heat
treatment, a carboxyl group included in a graphene oxide
layer having a negative charge and an amine group in-
cludedin a graphene oxide layer having a positive charge
may react such thatan amide bond may be formed, there-
by significantly increasing the interlayer bonding force.
Also, as the graphene oxide is reduced to graphene
through the heattreatment process, a coating layer which
may further exhibit excellent properties of grapheme may
be formed.

[0043] Meanwhile, according to another aspect of the
present disclosure, a graphene-coated steel sheet man-
ufactured by the above-described method may be pro-
vided. The graphene-coated steel sheet according to the
presentdisclosure may be formed through self-assembly
by electrostatic interaction, such that the steel sheet may
have excellent orientation, which may be an advantage.
[0044] Also, the thickness of the coating layer formed
on the steel sheet is not limited to any particular example,
and may be adjusted depending on the use, and may
preferably be 0.5 pm to 5.0 um. When it is less than 0.5
wm, corrosion resistance may be deteriorated because
the coating thickness may be too thin to exhibita sufficient
barrier effect, and when it is more than 5.0 um, adhesion
strength with the steel sheet may be deteriorated.
[0045] As such, according to the present disclosure,
through a simplified process using electrostatic attraction
between graphene oxide having a negative charge and
graphene oxide having a positive charge without a spe-
cial dispersant or binder, the method may be easily ap-
plied to large-area coating such as a steel sheet, and
graphene of a large size may be applied to large-area
coating such as coating on a steel sheet, such that ex-
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cellent physical properties of graphene may be exhibited
efficiently. Furthermore, by adjusting the thickness of the
laminated graphene layers and the number of the lami-
nated graphene layers as desired, physical properties of
the coated steel sheet may be differentiated such that
the present disclosure may be usefully applied according
to a desired purpose.

Mode for Invention

[0046] Hereinafter, the present disclosure will be de-
scribed in greater detail through specific embodiments.
The embodiments as below are merely examples to help
the understanding of the present disclosure, and the
scope of the present disclosure is not limited thereto.

Embodiment

[0047] By performing UV-ozone treatmenton a hot-dip
galvanized steel sheet for 30 minutes, the surface of the
steel sheet was modified to have a negative charge.
[0048] Thereafter, graphene oxide was dispersed in
water in a content of 0.5 mg/ml, N-ethyl-N-(3-dimethyl-
aminopropyl)-carbodiimidemethiodide (EDC) and ethyl-
enediamine (EDA) were added to the aqueous solution
in an amount of 0.01 to 3.0 mg/ml and 0.05 to 3.0 mg/ml,
respectively, and reacted for 4 hours, thereby preparing
a graphene oxide dispersion solution modified with an
amine group.

[0049] FIG. 2A is a result of XPS measurement of
graphene oxide used in the experiment, FIG. 2B is a re-
sult of XPS measurement of graphene oxide after dis-
persing a graphene oxide in a water, and reacting N-
ethyl-N-(3-dimethylaminopropyl)-carbodiimidemethio-
dide and ethylenediamine (EDA) in the aqueous solution.
Thereby, it may be confirmed that C-N, O=C-NH peaks,
which had notbeen observed in FIG. 2A, were generated,
and this bond was made by reacting ethylenediamine
with a carboxyl group of graphene, and accordingly,
graphene oxide was modified with an amine group.
[0050] The surface-modified steel sheet was im-
mersed in the graphene oxide dispersion solution mod-
ified with an amine group for 1 minute and was taken out.
The graphene oxide dispersion solution modified with an
amine group was adsorbed to the steel sheet, and was
immersed in an aqueous solution of pH 3 for 1 minute
and was taken out, and the graphene oxide excessively
adsorbed to the surface was removed.

[0051] Thereafter, the steel sheet was immersed in the
graphene oxide dispersion solution (pH 10, 0.5 mg/ml)
having a negative charge, prepared through UV-ozone
treatment, for 1 minute and was taken out, and the graph-
ene oxide was absorbed to the steel sheet. Thereafter,
the steel sheet was immersed in an aqueous solution of
pH 10 for 1 minute and was taken out such that graphene
oxide excessively adsorbed to the surface was removed.
[0052] The adsorption of graphene oxide as above on
the surface-modified steel sheet was one cycle, and the
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cycle was repeatedly performed, thereby forming graph-
ene coating, and to identify whether the graphene coating
was well performed, a contact angle of the coating layer
was measured using a contact angle measuring instru-
ment, and was exhibited in FIG. 3A. Referring to FIG.
3A, it may be observed that the contact angle of the film
was repeatedly changed every time each layer was coat-
ed, and thereby, it is indirectly confirmed that graphene
oxide was coated by electrostatic interaction by the LBL
method.

[0053] Also, changes in thickness of the coating layer
were measured using an ellipsometer for each cycle of
the LBL process, and are illustrated in FIG. 3B. Referring
to FIG. 3B, it was confirmed that the thickness was in-
creased by about 1.9 nm in thickness every time one
cycle as performed, and it may be confirmed that the
increases were similar when each cycle was repeatedly
performed. Thereby, it may be confirmed that graphene
oxide was coated by electrostatic interaction through the
LBL method along with the results of contact angle ex-
periment.

[0054] Thereafter, the steel sheet was heat-treated at
a temperature of 200°C for 10 to 60 minutes, thereby
manufacturing a graphene-coated steel sheet. To ob-
serve the chemical structure changed after the heat treat-
ment, XPS analysis was performed and is illustrated in
FIG. 4.

[0055] As aresult, it may be indicated that the peak of
the C-O, C=0 bond decreased after heat treatment
through FIGS. 4A and 4B, and thereby, it may be con-
firmed that graphene oxide was reduced.

[0056] Additionally, IR measurement was performed
on the steel sheet to confirm the formation of amide bond.
As a result of measuring IR, it was confirmed that a peak
indicating an amide bond was observed, although not as
large as in FIG. 5.

[0057] Meanwhile, FIG. 6A is a cross-section of the
graphene-coated steel sheet before heat treatment, and
FIG. 6B is an SEM image of a cross-section of the graph-
ene-coated steel sheet after heat treatment. Referring to
FIG. 6, it is indicated that the coating thickness before
heat treatment was 1.3 um, and graphenes were lami-
nated layer by layer, and particularly, since a polymer
was addedina very smallamountand surrounded graph-
ene oxide, a film formed of almost only graphene oxide
was observed. Also, it may also be observed that the
graphene oxide was present as a sheet with excellent
orientation layer by layer. This thin film was heat-treated
at 200°C, and the cross-section was observed again by
SEM, and according to a result, the thickness decreased
to 400 nm due to the reduction of graphene oxide, and
the distance between graphenes was further decreased
than before reduction heat treatment, had a dense struc-
ture, and had excellent orientation.

[0058] While the embodiments have been illustrated
and described above, it will be apparent to those skilled
in the art that modifications and variations could be made
without departing from the scope of the present disclo-
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sure as defined by the appended claims.

Claims

1. A method for manufacturing a graphene-coated
steel sheet, the method comprising:

surface-modifying a steel sheet to have a neg-
ative charge;

forming a first graphene oxide layer having a
positive charge on the surface-modified steel
sheet;

forming a second graphene oxide layer having
a negative charge on the first graphene oxide
layer; and

heat-treating the steel sheet on which the first
and second graphene oxide layers are formed.

2. The method of claim 1, wherein the surface-modify-
ing is performed by at least one method selected
from ultraviolet-ozone (UV-Ozone) irradiation, elec-
tron beam (EB) irradiation, infrared (IR) irradiation,
and near-infrared (NIR) irradiation.

3. The method of claim 1, wherein the forming the first
graphene oxide layer is performed using a graphene
oxide dispersion solution modified with an amine

group.

4. The method of claim 3, wherein the graphene oxide
dispersion solution modified with an amine group is
prepared by reacting graphene oxide, N-ethyl-N'-(3-
dimethylaminopropyl)carbodiimideethiodide (EDC)
and C, to Cg4 alkylenediamine in water.

5. The method of claim 3, wherein the graphene oxide
dispersion solution modified with an amine group
does not comprise a binder and a dispersant.

6. The method of claim 1, wherein the forming the sec-
ond graphene oxide layer is performed using a
graphene oxide dispersion solution treated by at
least one method selected from ultraviolet-ozone
(UV-Ozone) irradiation, electron beam (EB) irradia-
tion, infrared (IR) irradiation, and near-infrared (NIR)
irradiation.

7. The method of claim 6, wherein the graphene oxide
dispersion solution does not comprise a binder and
a dispersant.

8. The method of claim 1, wherein the first and second
graphene oxide layers are laminated through elec-
trostatic interaction.

9. The method of claim 1, wherein the first and second
graphene oxide layers have an amide bond.
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The method of claim 1, wherein the forming the first
graphene oxide layer and the forming the second
graphene oxide layer are performed two or more
times repeatedly.

The method of claim 1, wherein the heat treatment
is performed in a temperature range of 100 to 400°C.

The method of claim 1, wherein the method further
comprises washing using an aqueous solution of pH
1 to 6 after the forming the first graphene oxide layer.

The method of claim 1, wherein the method further
comprises washing using an aqueous solution of pH
8 to 14 after the forming the second graphene oxide
layer.

A graphene-coated steel sheet manufactured by a
method according to one of claims 1 to 13.

The graphene-coated steel sheet of claim 14, where-
in a thickness of the graphene layer coated on the
steel sheetis 0.1 pm to 5.0 um.
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